Building, dimensional and decorative stones from mining and industry are among the significant resources of Iran. Following China and Italy, Iran is in third place of world production, but only has a minor contribution in international trade. One main reason of this problem is negligence regarding the introduction of dependable mines to foreign customers On the other hand, the frequency of fatal and non-fatal accidents in these mines implies the necessity of more attention to safety parameters. The first stage to attain this aim is identifying the major factors on safety of these mines and ranking the major mines considering these indices. In this paper, a comprehensive model for ranking of mines in the sense of all imposing attributes with an emphasis on safety parameters is presented In order to validate the model, 19 active mines of the Pyrtak Company in Lorestan province have been used In this paper, after determining all the parameters of safety in decorative stone mines and weighting these attributes, using AHP-TOPSIS and fuzzy environment, mines have been ranked. After a systematic evaluation of the decorative stone mines, the most appropriate mine is selected
Introduction
In terms of the quality and quantity of decorative and dimensional stones, Iran is considered one of the top 10 countries in the world. This country contains approximately 7.3 billion tons of known reserves of which 3.3 billion tons are proven reserves and the remainder are regarded as probable reserves. The Lorestan province is one of the richest provinces of Iran from the perspective of decorative stone and official statistics indicate that the Lorestan province holds about 3% of the world's decorative stones. The northeast region is part of the Sanandaj-Sirjan metamorphic zone which contains the area between the north of Boroujerd and the south of Dorud. Other parts of the region are situated in the Zagros Mountains. Structural differences and magmatic metamorphism phenomenon have divided the province into two East -West zones with different characteristics: the Sanandaj-Sirjan zone and the Zagros zone. Sanandaj-Sirjan contains alternating Middle Triassic-Paleozoic deposits including gray limestone and marble. All areas located to the west of the Chalancholan-Silakhor plain up to western part of the province are part of the Zagros sedimentary unit. Northern parts of the province cover the outcrops of Sanandaj-Sirjan. The metamorphic-magmatic zone of Sanandaj-Sirjan includes decorative stones and marble in the central and southern parts of the province. The presence of abundant sedimentary outcrops with a large thickness supply good sources for construction materials.
Obviously, by increasing the amount of production, the health and safety of staff and workers, the appropriate usage of natural resources and the optimization of mine recovery will all have a significant importance in the decorative stone industry (Price and Ombler, 2007; Smith, 1999) . In other words, managers should enhance the safety of mines and . Finally, with regard to the above, it is necessary to be able to rank decorative stone mines upon different factors, considering the assessment of dimensional stone mines, and experts in MADM models. In this paper, the TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution) method, which is one of the technical and applicable models of MADM, has been used for evaluating and ranking the alternatives and in the end, the most suitable alternative is selected.
Multi Attribute Decision Making Methods
MADM means that several aspects such as evaluation, prioritization and selection of the best available alternative are taken into account in the decision making process. In MADM problems; there are some alternatives which should be analyzed. Any problem also has several attributes which are specified for each alternative and the decision maker should define them accurately in the problems (Hwang and Yoon, 1981) . The attributes in the decision matrix differ in terms of scale and unit. Sometimes, the attributes have a positive aspect and sometimes, they have negative feature. Therefore, a proper alternative will be the alternative which provides the best situation for each attribute (Lai, Liu, and Hwang, 1994) .
Evaluating the weight of attributes
Decision making has several attributes of varying importance. Therefore, each attribute is given a weight and preference of for each index over other attributes. (Saaty, 1994) . There are different methods such as Shanon Entropy, Analytical Hierarchy Process (AHP) and LINMAP for measuring the weight of the attributes, but considering its broad application, the AHP method is used most often.
Analytic Hierarchy Process method
The AHP method is presented based on the calculation of attributes in comparative priority. Comparative priority is obtained from different sets of criteria for comparison in an evaluation matrix while the overall priority is a final rank of
The Mining-Geology-Petroleum Engineering Bulletin, 2016, pp. 15-26 © The Author(s), DOI: 10.1177/rgn.2016.3.2 each alternative. Here, the main goal of using the AHP method is only to calculate the weight of the attributes (Saaty and Vargas, 2001 ). In order to prioritize the attributes, the first stage is choosing the criteria for comparison. In this regard, the arrays are compared with each other based on one criterion. In the process of this comparison, each attribute compares with other attributes and their relative degree of importance is determined with a number. In order for the comparison to take place, a matrix is formed where the attributes are written in rows and columns and each index is assessed over another index. In this process, each index receives the number 1 in relation to itself but other indexes are filled with their corresponding score, as can be seen in Table 1 . This scoring is done by experts (Hwang and Yoon, 1981 Where: a ij -preference of the i-th element over the j-th element; w i -weight of the i-th element; λ -a constant. Considering Equation 2, the weight of each attribute is: After choosing criteria for comparisin, consistency should also be calculated. The AHP method calculates the logical consistency and the priority of attributes. In case an inconsistency number is larger than 0.1, the evaluation matrix is inconsistent and should be revised, and in case inconsistency is zero, the evaluation matrix is fully consistent. According to Saaty's research, the founder of the Analytical Hierarchy process, a consistency rate up to 0.1 is acceptable (Saaty, 1994) . At last, after calculating the weight of the attributes and solving the MADM model, a final ranking can be made.
TOPSIS
The TOPSIS model was proposed by Hwang and Yoon in 1981 . This model has broad applications and is one of the best MADM models. In this method, the m alternative is evaluated by the n attribute and each problem is a geometrical system including the m point in an n-dimensional space. In this technique, the most suitable alternative with a positive ideal solution (the best possible solution) has the shortest distance, and a negative ideal solution (the worst possible state) has the maximum distance. It is assumed that the value of each index is uniformly increasing or decreasing (Hwang and Yoon, 1981; Lai et al., 1994).
TOPSIS steps
In order to select the most suitable alternatives using the TOPSIS method, steps of this method are described as follows (Hwang and Yoon, 1981) .
a. Evaluation matrix Evaluation matrix is formed by considering the number of criteria and alternatives as in Equation 1. 
Where: A i -the i'th alternative (i=1, 2, 3… m); C j -the j'th criteria (j=1, 2, 3… n); X ij -value of the i'th alternative in the j'th criteria.
b. Evaluation matrix normalization In an evaluation making matrix, different attributes with different units and scales are usually placed next to each other. For logical comparison, it is necessary that these attributes be dimensionless and additive (Saaty, 1994) . The norm method is the most common method for normalizing (Saaty and Vargas, 2001) . In this method, each array of the evaluation matrix is divided by square numbers of arrays of each column as in Equation 5:
Where: n ij -the normalized value of the i-th alternative in terms of the j-th index; a ij -arrays of matrix. In this regard, all columns of an evaluation making matrix take similar units and they can be easily compared.
c. Normalized evaluation matrix For comparison, one should consider the diverse weight of the attributes and form a normalized evaluation matrix. Wn x n -is a diagonal matrix in which only arrays of the main diagonal are non-zero (the relative weights of criteria are located on the main diagonal. 
Methodology and the proposed model
In all of the presented models up to now, there was no comprehensive method for safety evaluation among mines. Also, there was no serious attempt to determine all the affecting factors on the safety of building stone mines and this paper can be a great step for identifying the risks of these mines. In this paper, the AHP method is used for weighting the affecting parameters. The proposed model can be applied when ranking building stone mines, as shown in Figure 2 . In this process, all the parameters are linguistic variables. Firstly, the linguistic variables should be converted to crisp numbers. For this purpose, the fuzzyfication and defuzzification methods are implemented. Fuzzyfication is performed using triangular and trapezoidal fuzzy numbers in the Yager standard (Carlsson and Fullér, 1996) . The Yager standard is illustrated in Figure 3 . Fuzzy numbers corresponding to each linguistic variable are shown in Table 2 . 
Where: M -a fuzzy number; -the mean value of the fuzzy number that presents the final number. After defuzzification, only crisp numbers in the data matrix remain and the TOPSIS decision making method can be employed.
Evaluating Safety in mines of the Pyrtak Company using the presented model
According to the presented flowchart in Figure 2 , the proposed model is used for mines of the Pyrtak Company and steps were taken respectively. In the first stage, all influencing parameters on the safety of decorative stone mines are identified (see Table 3 ) and upon skillful experts' opinions, these attributes have been weighted regarding their impact on the safety of these mines (see Table 4 ). In Table 5 , the available alternatives have been mentioned in the first column of the left side, which includes 19 active mines. Each mine has been evaluated considering 22 attributes. In order to calculate the weight of the attributes, it is essential to take pairs of attributes. This was done by a collection of 20 expert's views and calculating their consistency rate and synthesizing them logically. For solving the MADM model, it is necessary to form an evaluation matrix consisting of 23 columns (A-V) and 20 rows (title row and 19 rows for mines 1-19) (see Table 5 ). The first column is the mine number for the mine being ranked. Other columns relate to the attributes. All alternatives along their attributes are recorded in Table 5 . In this paper, the ranking process can be applied to any set of both large scale and small scale problems. This collection includes 19 active mines that are entitled with individual names and licensed to extract.
Table 3. Evaluation factors -continues on the next page

Attributes Description
A Personal Safety
The basic parameters of personal safety include: helmet, safety shoes and masks which are effective in preventing accidents
B Safety against incidents
The creation of workplace accidents depends on negligence and inattention to accidents in the workspace and not the creation of barriers to prevent accidents that can cause human and financial events.
C Workplace improvement and defects fixing
Workshops that have defects in mining operations and after recollection of technical supervisors and experts tried to remove these deficiencies. Over time will be converted to safe mines.
D Hygiene
Hygiene and cleanliness of the workplace restaurants will reduce illness and its consequences.
E Protecting the wire cutter
In order to avoid throwing the torn wire segments, the protective covering is required.
F Deployment of Equipment and Facilities
Proper placement of machinery and electrical installations, selection of suitable position for cutting, appropriate site selection for transformers and electrical generators, etc. have a great impact on mine safety.
G Loosening up
Harnessing the loose edges and falling edges and gaps that exist in wall have a significant role on decorative stone safety.
H Bench opening
Proper operation in special topographical conditions of mines, suitability of the work development and bench preparation before extraction is an important parameter in decorative mine safety
I Accessibility of mine
Affecting parameters on this attribute are: having good access road to extraction benches, accessibility of all steps and means of access to the mine and Intercom benches
J Bench width
For decorative stone which extracts open pit and using cut wire, appropriate step width is within 1.5 to 4 meters in order to prevent the loss of upper stairs and stabilization of steep stairs in the walls of the mine. Obviously reducing the width of the stairs in the mine would be reducing safety. 
L Maneuverability of equipment
Maneuvering space in the work space should be such that loading and haulage equipment can travel easily on the mine floor and over stairs and have high maneuverability.
M Bench status
Appropriate form of the workplace, separate stairs and smooth walls, perfectly distinct extractive space, controlling loose edge and loose up hanging rocks enhances safety in mines.
N Equipment
In decorative and building stone mines in order to facilitate the displacement and loading of blocks, Carnes or Lift Truck are used, whichever is safer.
O Drainage
All decorative mines of this province are located in the rainfall area, so appropriate drainage can facilitate the production and increase safety.
P Providing the workshop
Including use of safe equipment and facilities for displacement of blocks, loading and haulage in order to reduce waste and enhance safety which depends on the contractor's effort.
Q Technical supervisor activities
Technical Supervisor's reports about technical and safety conditions help to improve safety in the mine.
R Technical infractions
Unauthorized use of explosives, non-compliance with safety regulations in mines and mining operations without informing technical experts and authorities is a key parameter in reducing accidents and safety in the workplace.
S Waste dump situation
This area should be out of the workshop and is below the surface of the workshop. Access road to the site must have adequate width and be smooth in order to ease transportation and safety of transportation.
T Environment destruction rate
Workplace during quarrying, transportation and waste dumping destroys environment and natural resources.
U Loading distance
A smaller distance between the bench and loading platform lead to a safe operation.
V Extraction efficiency
This parameter indicates the monthly generated blocks under maximum power of block generation. 
Conclusion
At the present time, all industries are trying to improve productivity, while simultaneously considering safety parameters in the workplace to achieve a stable production rate. In this regard, mining engineering is one of the most influential industries in the economy and as one of the most hazardous engineering fields, safety is particularly important. Decorative stone quarrying is one of the main branches of mining which requires the consideration of a lot of safety parameters for sustainable production. For this purpose, all fatal and non-fatal safety factors involved in the production rate should be identified and ranked. All in all, dimensional stone quarries need a comprehensive evaluation method considering all safety parameters. To achieve this goal, in this research a novel method has been presented for assessing and ranking these quarries and introducing the most appropriate one using MADM methods under a fuzzy environment. In the first step all affecting factors are determined using previous research and experts' opinions. According to this extensive and accurate ranking, extraction efficiency, equipment, bench width and bench height, respectively are the most important safety and technical parameters for stable production. After determining all the influencing factors on decorative quarries, evaluating and weighting these indices, a practical and extensible (for more mines) model is indicated for ranking dimensional stone mines. Finally, considering 22 affecting factors, the most suitable mine has been introduced among 19 active mines. As extensive studies through many years regarding decorative stones show, there is no comprehensive model for classifying dimensional quarries in safety and sustainable production viewpoints. This paper is the first step of this research and researchers have spent more than 1 year gathering data and analyzing the results and developing a comprehensive model for ranking dimensional stone quarries. As a result, this comprehensive method can be used for evaluating all dimensional stone quarries by adding more alternatives around the world and there is no limitation for using this method in other countries and cases. By implementing this comprehensive model, scientists, managers and traders are able to evaluate dimensional stone quarries and choose the quarry with the more stable production rate.
